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Aligning Track and Training 

Sam Loveless, B.A., Siemens Rail Automation UK. 

SUMMARY 

This paper explores the current state of basic training in the railway industry, 
comparing typical training contents against the requirements of the industry now and in the near future. 

It takes the acceleration in the rate of change in technology, and contrasts it against views within industry that the 
future workforce are insufficiently prepared for their future signalling/engineering roles. The basic training for 
signalling engineers needs to be adapted to mitigate the effect of change, with no single solution being available 
due to commercial and geographical factors. A principles-based model has been suggested, acting as a template 
for a broader discussion.  

 

1 INTRODUCTION 

The railway, like any public infrastructure, is understandably slow to change. With the rate of technological 
change as fast as it has ever been, there has been a focus on how to incorporate these changes into the 
infrastructure with speed and effectiveness. A key component of this is the workforce hired to implement these 
changes. In order to change the infrastructure, the workforce must understand both what it is putting in, and 
where necessary what it is taking out (for even more fun sometimes it must work out how to connect an old part 
to a new part!) Maintenance staff must recognise early on the consequences their work can have over a larger 
area than they might realise they are working on. 

 

Figure 1: The Increasing rate of technological change in everyday life.[1]  

 

Underpinning all this is good training. However, if the rate of change is increasing, then it is plausible that training 
itself must be changed to adapt to these new rates. This paper looks at what comprises current basic training, 
and seeks discussion on areas that may require change or alteration to improve this ability to change. 
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2 THE ENGINEER AS A BEGINEER 

2.1 Intake Composition 

In many ways the sourcing of the typical trackside engineer/designer has not changed. They are a mixture of 
apprentices, graduates, people who have entered the railway industry from another engineering discipline and 
people in engineering companies who cross-over from non-engineering roles (this is not an exhaustive list, but 
covers most bases).  

When talking about training, it is the trend to focus either on the first two groups of people, or otherwise focus on 
distributing knowledge updates or development in terms of career advancement. This is borne out by the 
recruitment practices of the railway engineering companies. 

  

Figure 2a/b On the left, a survey of engineering/technology employers showing a continued preference for the 
hiring of experienced candidates. On the right the same survey group are asked about their concerns about 
entrants into the industry. [2] 

 

A key driver of this paper is to focus on other areas of intake, be they skilled engineers from other disciplines 
brought in who could with the right outlook improve interdisciplinary functions (e.g. an electrician), subject experts 
brought in from disciplines new to the rail (software developers) or even non-engineers with sufficient potential in 
times of skills/staff shortages. This is becoming increasingly relevant as employers detect what they perceive to 
be a skills gap within the industry. 

It is no surprise that any company would seek experienced candidates first and foremost. What is of more 
concern is that the biggest concern employers have with new candidates is the lack of experience. 

The same survey acknowledges the impact that technological change will have on the skills required (68% label 
it concern) but equally displays a lack of proactive intervention by the industry to address such concerns: under 
20% say they are planning to “review our training courses and regimes”. 

If employers accept that they need to be actively involved they need to be actively involved in shaping their 
recruits, then ensuring that they have access to an appropriate education in the principles and realities of the 
trackside environment is essential. The one area where the majority of companies succeed in this regard is the 
delivery of a basic signalling scheme, either in-house or via a specialist training company.  

Underpinning all this is the knowledge that all technology-reliant companies will need to provide a level of training 
– with companies relying on propriety products to maintain their market position and the rail operators each 
employing a different set of these technologies, even an appreciation of what is being used will be required for 
those new to the relevant environment or even to the industry as a whole. 
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2.2 Basic Training – What’s in it? 

Here is a list of contents for a 2-week basic signalling course, taken from the website of a widely-used UK 
training company[3]: 

 Signalling Diagrams and Nomenclature 

 Block Systems 

 Cables and Wires 

 Relays 

 Power Supplies 

 Signals and Circuits 

 Warning and Protection Systems (AWS/TPWS) 

 Train Detection 

 Point Operation and Principles 

 Detection and Gauging of Points 

 Functional Testing of Points 

 Fault Finding Techniques 

 Process Control (Rules and Competence) 

 

In terms of current validity, much if not all of this is still valid. Despite some of it being lost in unrecorded history, 
the railway alphabet remains dominant in how we label what we use, and will not change without international 
agency, and there is no current practicable reason to drive that. Even with the increasing dominance of the 
computer-based interlocking, millions of relays exist throughout the world’s railways to drive points and other 
similar functions. Even if we gave every train in the world effective in-cab signalling (a costly exercise!) the 
design of these systems do and probably would utilise the signalling design we have known for so long in some 
manner – so train detection, signals, circuits, etc. have cause to retain their place. 

Whilst the generic title of ‘Power Supplies’ is a reassuring presence, keeping it up to date in an age where the 
role and use of power is changing, both from their source (renewables, modern battery-powered equipment 
charged from domestic supplies, etc.) and in its usage (e.g. overhead electrification). Each of these has an effect 
on the amount and specification required of the engineer’s electrical knowledge. Again, the technologies 
favoured by the employing company will be a factor in what training is obtained, but transferability of these skills 
needs to be considered. 

The other listing here worthy of closer inspection is Rules and Competence. The question is “whose rules?” 
Precious few signalling standards are universal; the IRSE licence is as close it comes, accredited via BS EN 
ISO/IEC17024. Even then, the licence is not valid for use in the not-insignificant region of North America.  

The rise of international specialist companies means that similar principles are more likely to be adopted by a 
company worldwide through internal processes, though even this is far from guaranteed, being dependant on 
good internal synergies and the hope that various national standards are not too far apart in their requirements. 
International standardisation is the ideal solution to this, but well beyond the remit of this paper.  

As a final hurdle, we have the old-fashioned problem of different competences for different transport 
methodologies: passenger vs. freight, open-line vs. closed systems. Trying to find the common ground between 
all of these is a bewildering occupation, and therefore determining the requirements for a “basic” process control 
module will invariably involve some hard choices and careful considerations.   

2.3 The Missing Links 

With the ideas of cloud-based interlocking and transmission-based signalling ever closer, and data link 
technology crucial to many current activities, the telecoms discipline interfaces with signalling on an ever greater 
scale. Yet even within the IRSE itself, through its exam system, telecoms can be viewed as a minor discipline – 
the take-up for modules 4 and 6 are always vastly lower than the remaining five. Yet, if we are to install the 
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CBTC systems of the present and the ETCS-style systems that are now emerging, the ability to understand how 
data is communicated back and forth has to become more of a basic skill and less of a specialty. 

Networks form a crucial part of how modern interlockings function, processing both inputs from the trackside 
systems and delivering instructions to signallers, equipment and other non-vital systems that allow for 
passengers and staff to be more informed about the state of network, resulting in an improved experience. Such 
radical systems create problems entirely different from the ones that they solve, and leaving them to the 
partitioned “systems engineer” is unsuitable when they have the potential to impact the traditional operating 
aspects of the railway. 

The problem of cyber security is a recent development but has already been the subject of at least one IRSE 
paper [4] and is an ongoing concern for many railway owners. Whether it should be included in basic signalling 
training is open for debate, as given the prevalence of the cyber industry in day-to-day life the necessary skills 
should be part school-taught soft skill and part company standard training to meet their own particular practices. 
Yet we must acknowledge the “safe by design” rules we seek to follow, and by extension the need to have 
enough knowledge of secure design to be able to apply it.   

 

2.4 Pushing Principles and Recognising Research 

A common desire in many improvement projects is to improve the speeds at which trains move.  The making of 
these calculations is tied into scheme design, a skill considered more advanced, an in the UK certainty more 
prestigious as a design activity. Yet we come back to the simple question: “if we make this change, how fast is it 
going to go?”  We use this to calculate how many aspects we are going to give our signals, yet at no point during 
our basic training do we go “hang on, at this speed we can no longer use aspects.” This is something dealt with 
at an advanced level, yet our engineers of the future will work with in-cab signalling on a day-to-day basis and 
not necessarily recognise it as a key advantage to the technology being used.  

There will no doubt be an argument that, considered intermediate skills now, such things as calculations and 
controls should remain so. However, when basic training is considered in the context of building the potential of a 
trainee, what must be given early on to facilitate this cannot be ignored in the design of training, even if none of 
the content ultimately changes boundaries.    

 

3 THE WORKING ENIVORNMENT 

3.1 The Deskbound Designer 

The less time an employee spends out on track, the less money they cost in possession arrangements/ safety 
packs, safety cost, etc. With virtual reality-based tools in development, and the increasing of remote 
cameras/drones, we can glimpse the track from the computer screen; remote condition monitoring and control 
concurrently reduces the need for invasive investigations into physical equipment, creating an increasing number 
of roles and methods that can be done almost exclusively from the safety and comfort of the office. This presents 
a new series of risks involving complacency and ignorance of the working environment.  

This paper primarily covers basic training, and it is emphasised here that such training should include a level of 
interaction with real equipment, but beyond this, continuous contact with the operating parts of the system 
remains the most effective way of reminding the individual just how much responsibility there is in what they do.  

As with many training based endeavours, the key factors are commercial/financial. Continuous development 
equates to continuous training and thus continuous cost. These must be factored into all works as a base cost. 
However, these can be mitigated to a greater/lesser extent with the correct principles training for all engineers. In 
countries with mature health and safety practices, the bureaucratic requirements of obtaining railway access will 
also tempt employers and trainers into avoiding it if possible.   
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3.2 The Signalling Centre 

The typical signaller of the busiest railways in the world does not look out of the window at the trains they are 
operating anymore. In front of them are computer-modelled representations of the track they control, with trains, 
track and signals depicted by varying symbols and characters. 

There are two risks associated with this. The first is that the signaller may develop less awareness of what is 
going on “on the ground”, including the associated practicalities of what makes a train operate to the timetables 
and procedures they use. This is best mitigated with an element of lineside activity during training. This solution 
covers a broad range of training-based sins, but also emphasises how important it is to have a complete 
understanding of the railway.  

The second is an increased chance of forgetting the potential impact this has to the end user – put simply, you 
do not establish as close a connection with something you do not have close contact with. Ultimately the 
efficiency and practicality rewards of signalling centres mean that they will continue to form a major part of 
modern signalling, and thus vigilance must be maintained in terms of human behaviour. Training can help with 
this, but constant refreshment exercises concerning of the risks and dangers associated with task failure is an 
absolute need. 

 

3.3 Personnel and the Passage of Time 

A problem more common in countries with mature railways, especially in the UK where this paper is written, the 
presence of aging infrastructure and a desire or necessity to renew it and mix it with new infrastructure creates 
many complications to the training and knowledge process.  

Let us consider the example of signal AM55 on the Ashton Moss line in Manchester, UK. This is a semaphore 
signal still in place as of June 2017, controlled by a traditional signal box. Works are currently in progress to 
remove this and replace it with MN4320, a modern LED signal, controlled by one of the aforementioned 
signalling centres. This means that, in the course of these works we require: 

 Maintainers with detailed knowledge of semaphore signaling.  

 Engineers with sufficient knowledge of semaphore signals to be able to decommission them. 

 Engineers with sufficient knowledge of LED signal to be able to commission them. 

 Maintainers with detailed knowledge of LED signals. 

Typically, barring retirements and extreme cases, people 1 & 4 and 2 & 3 will be the same people. Some will 
have detailed knowledge in one of these methods, some will be novices in both. Most of these people will also be 
familiar with filament colour light signalling, to emphasise how technological changes are occurring at vastly 
differing speeds.  Even though the principles guiding the signals are the same (more or less – ever seen a 4-
aspect semaphore signal?) the underlying technology and operation thereof can be wildly different. 

 

Figure 3 Both semaphore signals and LED signals are in use on the UK mainline. 
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3.4 Software Lifespan 

 

This example deals with technology separated by gaps of many years. Modern technology is a far scarier 
prospect, with computer software being replaced by its creators in a lifecycle of two-to-five years (think of the 
jump from Windows XP to Vista, followed very quickly by Windows 7. Then remember the current version is 
Windows 10!) Retaining the knowledge of multiple O.S.s and similar software within one company is a supremely 
challenging task for any given company, so the next best thing is staff sufficiently skilled to be able to decipher 
the quirks of the software-hardware interactions they are dealing with, and develop ways to upgrade it with 
minimal support. 

 

4 POTENTIAL PRINCIPLES-BASED METHODOLOGY 

If we take from what has gone before that developing training based on a “one-world” view of things is 
impractical, then there can be no one “solution”. However, it is possible to create a set of principles that can be 
used broadly to create a training that will last longer than any one bit of equipment. Below is a proposed set of 
principles, which could be considered hierarchical with “principles” forming the base and “implementation” being 
the top tier.  

4.1 Principles 

The biggest modern danger in designing, building or renewing a modern railway system is the need to take 
shortcuts to meet what was described in a recent report as “commercial factors and timescale pressures”, away 
from first principles. [5] 

A person learning in a business environment will most likely learn how to perform tasks from experienced people 
who have are confident in their own mind of first principles and are under the aforementioned pressures. There is 
therefore the risk that they will teach the learner the shortest way to do the job without conveying the principles 
behind it.  

This is a bigger problem with modern systems as this involves teaching a task to the equipment/software in use. 
One may find themselves happily following a process for a number of years, only to then find that doing the same 
activity using different tools leaves them more bewildered than they should be. 

So the foundation of training should surely lie with these principles, not just in our chosen discipline of signalling, 
but also in the telecoms, power, civils, etc. disciplines that we have to interface our work with, preferably earlier in 
the day. 

4.2 Solutions 

The next two stages have a certain degree of inter-changeability, where generic development can create 
scenarios that fundamentally the questions being asked or create new questions of their own.  

4.2.1 Process 

Throughout this paper we have explored the notion of the ever-increasing importance of discipline collaboration. 
The “process” stage is where the principles that have been used to create the infrastructure ideas are 
amalgamated and validated. Before any system has been put in place, either conceptually (e.g. a training 
process) or as a physical entity (e.g. an interlocking), each discipline should offer their solution and principles 
constraints so that no one discipline creates a major re-work issue across all works later in the day. 

This may seem obvious to many, but in the industry today the development of solutions can easily be silo-ed, 
and subsequently worked on by people without a complete understanding of what they are looking at until late in 
the day when appropriate personnel are introduced, with huge time and financial implications. The aim of this 
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statement in this place is to identify the correct time at which these issues should be explored, as well as 
underlining the importance of considering as many constraints as practicable before any realisation takes place.  

4.2.2 Technology 

This is the point where we address a key concern of the paper: what technology do we use in implementing our 
ideas. If the model has been followed, we now possess the key information needed to select our technologies. 
Further considerations at this time will include how long the solution will need to be place for, and how much 
attention the system will need in that time. The former consideration will decide how “tried and tested” the 
solution will be, and balanced against the novelty required to achieve a more radical aim. The longer a system is 
in place, the greater the need their will be for off-the-shelf components. This could be resisted by companies with 
greater expertise seeking competitive security; this can be best resolved with good contracts guaranteeing the 
necessary production lifetime for a given piece of equipment. This is itself a discussion broader than the scope of 
the paper, but it is important to recognise the potential barriers in the industry. 

4.3 Implementation 

If we have followed this model thoroughly and with diligence, we should now be in a position to physically realise 
our system. At this stage, the requirements should be set barring unforeseen circumstance, and although there 
may be changes to be made to account for natural error, the system will run according to, and can be explained 
by, the principles it was designed upon, which will in turn realise more effective and easier maintenance. This last 
point is particularly important as we have focused on a model largely for the incorporation of new systems.  

This was done on the premise that one of our biggest challenges here were systems that became outdated 
before they were even operational. If this model has been implemented, the theory is that the maintenance can 
be carried out according to principles as opposed to technology, allowing for easier upgrades, easier 
understanding and more flexibility across the industry as a whole, realising the “alignment” of the track systems 
and the training of people across years which forms the title of this paper. 

 

5 CONCLUSION 

In line with the technology it is incorporating, the requirements and environments within the railway have 
broadened, and attempts to centralise and simplify the railway (ie. The Signalling Centre) have, inadvertently but 
perhaps inevitably, created new complex disciplines and technical challenges.  

Following this, the operational requirements of what each railway company require from its technical employees 
can vary on a number of levels. With so much variation in the industry on an international level, defining 
requirements for an ideal basic training solution is a utopian idea perhaps beyond reasonable reach, certainly at 
this time. 

The hope must be then that, where definition is impractical, frameworks and underpinning skills must be the 
focus. Training must be conducted in a way that encourages the trainee not to regurgitate specifications and 
principles, but encourage interpretation and manipulation of principles to suit current needs. Communication 
skills must be developed so that an ever-increasing need for interdisciplinary compatibility can be met, in addition 
to dealing with increasing legacy issues. 

That is not to say attempting to define technical basics is a secondary endeavour: continued international 
discussion and building greater repositories of researchable information will further the cause of what we want a 
technical “basic” to be. I have presented some snapshots of the world as it is, and it is not unreasonable to 
expect some of these snapshots will last for longer than we expect, and completely new ideas will also enter the 
frame. How we incorporate them into everyday working is a conversation that will never end.    
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